A viewpoint for describing time development of wave packet with the least quantal effect is proposed in the case of system obeying the su(2)-algebra, i.e., the quasi-spin. The basic idea is a possible extension of a method developed by the present authors, together with Tsue and Fujiwara, for one-dimensional system. Concerning the least quanta I effect, the uncertainty relations coming from the non-co~utability among the components of the quasi-spin are investigated and a certain condition for the least quantal effect in the quasi-spin is presented. § 1. Introduction
With the aim of describing time-development of quantal system in the technique of classical mechanics, various trials have been proposed. In the standard approach, we first prepare a wave packet which is parametrized by certain c-number variables. Then, under a variational principle for time-dependent Schroedinger equation, we obtain a set of equations which determine the time-dependence of the variables. By solving them under an appropriate initial condition, we finally determine the wave packet as a function of t. The time-dependent Hartree-Fock (TDHF) theory in canonical form is one of the typical examples.!) As is well known, the TDHF theory shows two characteristic aspects. One is to give a classical counterpart of manyfermion system in terms of canonical variables and, then, under an appropriate requantization procedure, the classical counterpart comes back to the original fermion system in a disguised form. We can find its typical example in boson expansion. Second is closely related with the problem discussed in this paper. The TDHF theory gives a method for obtaining an approximate solution of the time-dependent Schroedinger equation in the frame of Slater determinant. With the aid of canonicity condition, the Slater determinant as a wave packet can be parametrized by canonical variables and, then, the problem is reduced to solving Hamilton equation of motion. However, if we focus our interest on the second aspect, the use of the canonicity condition is not restricted to the determinant in the TDHF theory. The reason is simple. This condition makes the time-dependent variational principle in quantum mechanics attribute to Hamilton's variational principle in classical mechanics.
In response to the above situation, the present authors, together with Tsue and Fujiwara, gave a possible form in the case of one-dimensional quantal system. 2 ), 3) Especially, they are interested in the wave packet .which shows the least quantal effect. Therefore, the minimal uncertainty and the zero-point energy are carefully dealt with. As the wave packets, the coherent and the squeezed state which are closely coimected with the minimal uncertainty are adopted. For these states, the canonicity condition was applied. Needless to say, concerning the least quantal effect, the squeezed state can remove certain shortcoming contained in the coherent state. Their approach can be regarded as a possible refinement of Jackiw-Kerman approach. 4 ) Further, Tsue and Fujiwara extended the basic idea to the case of infinite-dimensional system.
S )
Our next interest is to extend the basic idea to the case of two-dimensional system. One of the typical examples can be found in the system governed by the su(2)-algebra, which, hereafter we will call the quasi-spin system. For instance, in nuclear theory, we know the super-conducting phase induced by the pairing correlation, the Lipkin model giving the schematic understanding of the monopole vibration and the rigid rotor as idealizing nuclear rotational motion. They playa central role in the study of nuclear dynamics. Therefore, in order to understand various aspects of the dynamics, it may be interesting to investigate the wave packet with the least quantal effect for the quasi-spin, which means that the expectation value of the quasi-spin for the wave packet shows classical behavior. In this sense, the extension of the basic idea from the one-dimensional system to the two is a quite natural task. As a preliminary report, our basic viewpoint on the least quantal effect observed in the quasi-spin systems is discussed in this paper. In the forthcoming paper, we will enter into details in the case of the su(2)-boson model which is well known as Schwinger boson representation.
)
In the next section, we will show various relations which are essential for the later discussion. Section 3 will be dovoted to giving a simple example of the quasispin showing the least quantal effect. In § 4, condition for the minimal uncertainty which is observed in the quasi-spin system is presented. Finally, in § 5, concluding remarks for the forthcoming paper will be mentioned. § 2. Quasi-spin and uncertainty relations IUs quite familiar that a set of operators (Sx, Sy, Sz) forms the su(2)-algebra, if it obeys the relations
The symbols * and [ , ] denote hermitian conjugate and commutator, respectively.
Needless to say; the above set represents quasi-spin. Our main problem discussed in this paper is to search condition under which the expectation values of Sx, Syand Sz for the wave packet under investigation are able to show up the classical behavior of the quasi-spin. The classical behavior means that the expectation values are in the minimal uncertainty. First, let us introduce the quantities (Dx)w, (Dy)w and (Dz)w defined as
Here The set (2'5) can be regarded as a generalization of a familiar uncertainty relation (L1Q2).(L1p2)_ft}/4~0. This means that we must investigate the classical behavior under the restrictions (2·5). As we learned in the case of one-dimensional system, the system has to be dealt with under the minimal uncertainty.
Let a certain wave packet I w> satisfy the relations
The above is an extreme case, but, in the minimal uncertainty. Therefore, the state 
The quantity (LlS})w is freely chosen under the restriction (2·10)
We can see that the above is in a situation similar to the case of the squeezed state. If (LlS})w is given by an appropriate method, then, (LlSx 2 )w and (LlS/)w are determined. This means that we can control the quantal fluctuation. § 3. An example of quasi-spin showing the least quantal effects
In the previous section, we listed up our basic relations and from this section, we will enter into our main problem. With the aid of a rather peculiar, but, instructive However, if we regard (5x )w, etc. as showing up the classical behavior of the quasispin, the relation (3·3) is very difficult to accept for arbitrary value of 50 obeying the condition (3·1). In the case of the TDHF theory, (5x)w, etc. give us the classical counterparts of 5x, etc. and 5 denotes the magnitude of the quasi-spin. Therefore, in this sense, the right-hand side of the relation (3·3) should be equal to 52 and our present discussion is valid only in the case 50 = 5. However, it is rather restricted case. Then, in order to make this situation slightly relax, we set up the following relation:
(Sx 2 )w=(S/)w =1/2·(S2+nS-S02) (=n2/2·[s(s+1)-s02]) , From the above relations, we can derive (SX)W 2 +(SY)W 2 +(SZ)W 2 =S02, (S/)w+(S/)w+(S})w=S2+ n S,
(5z)w=5 0 =-5+2tiv, or, 5-2tiv, (v~O) (3·8) .
where v is of the order ti°. Then, Eq. (3·3) can be rewritten as
Under the neglect of the terms with the order til and ti
2
, the left-hand side is equal to 52. Further, the relation (3·7) is written as
The above relation shows that the order of ti
If 50 is far from ± 5, i.e. 50:::::00, the relation (3·9) does not hold and ti 2 /4·(Dz)w is of the order ti°. This is quite a natural result. If the quasi-spin is in the perpendicular to the quantization axis,the quanta I fluctuation for the direction of the quasi-spin is quite large and the direction is not fixed. Therefore, in such a situation, the classical behavior cannot be expected.
If the state 15,50> is adopted as Iw>, we can expect the classical behavior only in the case of 50:::::0 ±5. From the above argument, we can learn that in order to be able to give the meaning of the classical behavior to the expectation value of the quasi-spin, Here, Q and P are defined by
Q= +(Sx)cloj2/(S-(SZ)CI) ,

P= -(Sy)cloj2/(S-(SZ)CI) .
By 
In the forthcoming paper, we will show that the set (4 °11) is connected with the Holstein-Primakoff representation of the su(2)-algebra.
)
Next, let us investigate the square of the standard deviations. First, from Eq.(304), we borrow the relation Then, the following relation can be derived: 
±J(Sz)w 2 +8v(S-nv)(1 +2v)(S-nv+1i/2) .
(4·16) Then, n 2 / 4· (Dz)w can be obtained in the form
It is easily shown that the above result is reduced to the case of the state IS, So> at the limit (Sx)';'=(Sy)w--->O. Thus, we can get condition under which the expectation value of (Sx, Sy, Sz) for the state under investigation is able to give the classical behavior of the quasi-spin, i.e., the expectation values show the least quantal effects. In the condition (2·8c), (Dz)w should obey
If v is of the order of nO, (Dz)w is also of the order of nO. Needless to say, in the exact sense, (Dz)w should be equal to zero. However, the condition (Dz)w=O is too restricted to treat the minimal uncertainty in relation to dynamics. In the forthcoming paper, we will discuss the above condition for the case (2·8b) in detail. § 5.
Concluding remarks
As was mentioned in § 4, we promise to discuss briefly the condition under which the quasi-spin system shows the least quantal effect for the case (2·8b) in the forthcoming paper. As the concluding remarks of this paper, let us give some relations which will help the understanding of the forthcoming paper. Since n 2 /4·(Dx)w= n 2 /4·(Dz)w=O, n 2 /4·(Dy)w can be expressed as (5·1) (L1y)w=S(l +4v)-4nv 2 
±j(Sy)w 2 +8v(S-nv)(1 +2v)(S-2nv+n!2) .
(5·2)
In the case P=O, (Dy)w can be given, at the order nO, as follows: In the forthcoming paper, we will discuss the above case, including the physical meaning of the quantities Q, P and v.
(Dy)w=1/16S2.Q2[2S-Q2)2[4S-Q2] y2,
